Superoxide production by peritoneal macrophages was significantly higher in mice fed an NSBP-containing diet. Both intestinal total IgA and serum total IgG levels declined in mice fed the NSBP-containing diet. Microarray analysis of mRNAs extracted from Peyer's patch cells of mice fed an NSBP-containing diet indicated an increase in the expression of several genes related to cellular immune responses, while the expression of genes related to immunoglobulin production decreased. These results indicate that NSBP stimulates the
Introduction
Fermented soybean paste, also known as "miso", is a common traditional food or seasoning in Japan. Miso is generally produced by fermentation of soybeans with rice mold (Aspergillus oryzae), which is cultivated on steamed rice under solid-state conditions, in the presence of a high amount of salt (5%-13 %) in order to suppress the growth of saprophytes.
Miso is high in protein and rich in vitamins, amino acids, organic acids, minerals, and polyphenols, and is therefore considered an important nutrient in Japan (1). However, due to its high salt content, only small amounts of miso are generally consumed in the daily diet.
The authors of the present study devised a method for large-scale fermentation of soybeans that does not require the addition of salt. The resulting powder was termed "non-salty fermented soybean powder" (NSBP), and due to the low salt content, NSBP may be an ideal food material. We reported that NSBP might protect against obesity induced by a high-fat diet (2) . Moreover, we demonstrated that a soybean protein fraction digested with Peptidase R produced by Rhizopus oryzae stimulates the immune response in mice, and identified a glutamine-rich peptide responsible for the immunostimulation (3, 4) . It has also been reported that fermented soybean products may suppress allergic reactions via modulation of type 1 helper T (Th1) and type 2 helper T (Th2) cell responses in mice (5) . In
this study, we demonstrate that NSBP stimulates the cellular immune system and suppresses the humoral immune response in C3H/HeN mice. 2-Methyl-6-p-methoxyphenylethynylimidazopyranizone (MPEC) was obtained from ATTO Corporation (Tokyo, Japan). Latex beads (0.79 μm) were purchased from Polysciences Inc.
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(Warrington, PA, USA). All chemicals used in this study were of the highest commercially available analytical grade.
Preparation of NSBP.
The procedure for preparation of NSBP was reported previously (2) .
Feeding procedure. All animal experiments undertaken during this study were conducted in accordance with the guidelines for the Regulation of Animal Experimentation at Shinshu University, and according to Law no. 105 and Notification no. 6 of the Japanese government. Four-week-old male C3H/HeN mice (n = 8) (Japan SLC, Shizuoka, Japan)
were fed a commercial mouse powder feed (MF, Oriental Yeast Co., Tokyo, Japan) for 1 week, and were then fed either an NSBP-containing or NSBP-free diet between 5 and 10 weeks of age. The detailed composition of each diet is shown in Table 1 . The amount of protein, sugar, oil, and minerals in the NSBP-containing diet conformed to that in the NSBP-free diet. Food and water were supplied ad libitum throughout the course of the experiment. Mice were housed at 23 ± 2°C under a standard 12-h light-dark cycle. Serum, intestine, spleen, and Peyer's patch samples were collected immediately following euthanasia via administration of a lethal dose of ether at 10 weeks of age. Samples were analyzed individually to investigate antibody levels, cell function, and gene expression.
Cell suspensions and cell cultures.
Spleen cell suspensions were prepared as described previously (6) . Peritoneal macrophage suspensions were prepared according to a previously described procedure (7) . Macrophages were confirmed to constitute over 95% of the adherent viable cells by treatment with esterase and Giemsa staining. The cell density was adjusted to 1.0 × 10 6 /ml and cells were placed into wells of a 24-well flat-bottom plate (Sarstedt Inc., Newton, NC, USA). Cells were cultured at 37°C in a humidified incubator Table 1 6 with an atmosphere of 5% CO2.
Cell identification. Cell surface markers and intracellular cytokines were labeled according to a previously described procedure (6) . The number of cells was determined using a Guava personal cell functional analyzer (Guava PCA, Guava Technologies, Hayward, CA, USA).
Measurement of macrophage superoxide anion production and phagocytic activity.
Peritoneal macrophages were suspended in HEPES-saline solution and incubated for 30 min at 37°C in a humidified incubator with an atmosphere of 5% CO2, after which 300 μmol/l of MPEC was added to the suspensions. As a negative control, 30,000 U/ml of superoxide dismutase (Biomedicals, Eschwege, Germany) was also added to appropriate suspensions. Chemical luminescence intensity was measured using a Luminesencer-PSN AB-2200 (ATTO). Ingestion of latex beads as an indicator of pagocytosis was measured according to a previously described procedure (8) .
Determination of immunoglobulin (Ig) levels. Samples of blood and intestinal tract
(duodenum to rectum, including contents) were carefully collected from mice at 10 weeks of age. Blood was centrifuged at 450 × g for 60 min at 4°C, and the supernatant (serum) was collected and stored at -30°C until use. The intestinal tract (1 g) was ground for 15 min at 2 ± 1°C using a pestle with 1.5 g of sea sand in 2.5 mL of 0.01 M sodium phosphate buffer containing 0.15 M NaCl (PBS, pH 7.2). The ground material was then centrifuged at 1,200 × g for 30 min at 4°C, and the supernatant was collected and stored at -30°C until use.
The levels of serum and intestinal total immunoglobulin were measured using an enzyme-linked immunosorbent assay (ELISA) quantitation kit (Bethyl Laboratories, Montgomery, TX, USA) according to the manufacturer's protocol.
Microarray analysis. Four Peyer's patches were collected from each mouse and the cells were isolated. Peyer's patch cells collected from the mice in each group were pooled.
Genome-wide gene expression of pooled Peyer's patch cells was examined using a Mouse Genome 430 2.0 Array (Affymetrix, Santa Clara, CA, USA), as described previously (9) .
Data analysis was performed with GeneChip Operating software 1.4 (Affymetrix).
Expression data were selected when there was more than a 1.5-fold increase and less than a 0.7-fold decrease in expression compared to the control group.
Statistical analysis. Data are expressed as the mean ± standard deviation (SD).
Statistical analyses were performed using the Student's t-test. Differences were considered significant when the P-value was less than 0.05. 
Results
Effect of NSBP on the number of immunocompetent spleen cells in culture
Effect of NSBP consumption on ingestion of latex beads and production of superoxide by
peritoneal macrophages Fig. 3 shows the ingestion of latex beads and the production of superoxide by peritoneal macrophages of 10-week-old mice. The number of ingested latex beads taken up by macrophages of mice fed an NSBP-containing diet was noticeably higher than that of Fig. 4 presents the levels of intestinal total IgA and serum total IgG of 10-week-old mice. The levels of both intestinal total IgA and serum total IgG were noticeably lower in mice fed an NSBP-containing diet than in mice fed an NSBP-free diet. Table 2 shows the expression of immunity related genes increased more than 1. It is known that macrophages ingest microorganisms and then kill them via oxidative burst reactions that include production of superoxide anion (13, 14) . In this study, the number of latex beads ingested by peritoneal macrophages increased noticeably in mice fed an NSBP-containing diet, while the level of superoxide production was significantly higher in peritoneal macrophages of mice fed an NSBP-containing diet compared to mice fed an NSBP-free diet (Fig. 4) . These results indicate that NSBP may enhance the phagocytic and antimicrobial functions of macrophages, as well as the production of cytokines. 
Effect of NSBP consumption on total Ig levels
Effect of NSBP consumption on gene expression in Peyer's patch cells
It has been well established that
